Taxonomy of mitten crabs has been problematic and confusing. Eriocheir was considered to comprise four species (E. japonica, E. sinensis, E. recta, and E. leptognathus). However, recent taxonomic revision has recognized five species and three genera, Eriocheir being restricted to E. sinensis, E. japonica, and E. hepuensis, and the establishment of two genera for Neoeriocheir leptognathus and Platyeriocheir formosa. The present study analyzed the phylogeny of the species of Eriocheir, sensu lato, based on DNA sequence analysis of mitochondrial 16S rRNA, cytochrome c oxidase I, and the first internal transcribed spacer of nuclear rRNA. The results show that the three Eriocheir, sensu stricto, species are genetically similar, indicating that they have recently radiated. Eriocheir formosa is the sister taxon of these three species, with E. leptognathus the most distantly related taxon within the group. These results support the affinities of the mitten crabs, but the genetic divergence among the crabs provides no support for separating Eriocheir, s. l., to three different genera. We suggest to retain the apparently monophyletic mitten crabs in a single genus until more evidence is available.
Mitten crabs are commercially important food species endemic to China, Korea, and Japan. These crabs were generally considered to belong to Eriocheir De Haan, 1835, which contains four species with rather discrete distributions (e.g., Dai and Yang, 1991) . The type species, E. japonica (De Haan, 1835) , is mainly distributed in Japan and western Taiwan but can also be found in southern Korea and the southeastern coasts of mainland China. Eriocheir sinensis H. Milne Edwards, 1854, is believed to be mainly distributed in Changjiang (Yangtze River) and northern China. Eriocheir leptognathus Rathbun, 1913, mainly occurs in northern China but does not migrate into freshwater. Eriocheir recta (Stimpson, 1858) is mainly known from the eastern coast of Taiwan. Specimens of these four mitten crabs from their predominate distributed areas exhibit obvious morphological differences and can readily be distinguished.
In the last decade, however, there have been many changes in mitten crab taxonomy resulting in considerable confusion. Dai (1991) described a subspecies E. japonica hepuensis from southwest China. Although material from southwest China does show slight but constant morphological differences from both E. japonica and E. sinensis, specimens apparently bearing ''intermediate'' characters were subsequently found in material collected from southeast China.
Therefore Li et al. (1993) concluded that E. sinensis, E. japonica, and E. hepuensis are synonymous based on morphometric and allozyme analyses. Using RAPD analysis, Lu et al. (2000) also showed low genetic differentiation between the three forms, possibly due to hybridization and artificial transplantation for aquaculture. On the other hand, Chan et al. (1995) argued that the name E. recta is a subjective junior synonym of E. japonica, and a new name E. formosa was given to the mitten crabs endemic to eastern Taiwan. Guo et al. (1997) argued that E. japonica, E. sinensis, and E. hepuensis are distinct species and listed 13 morphological characters that can separate them. Ng et al. (1999) further argued that the five mitten crabs are heterogeneous and should be placed in three different genera, with Neoeriocheir Sakai, 1983, revived for E. leptognathus and a new genus Platyeriocheir established for the Taiwanese endemic E. formosa. Thus, the current taxonomy of mitten crabs is divided between three species in a single genus (e.g., Li et al., 1993) and five species in three separate genera (e.g., Ng et al., 1999) .
The present study attempts to elucidate the phylogenetic relationships as well as the taxonomic status of these five mitten crabs based on DNA sequence analysis of genes encoding for the mitochondrial large subunit ribosomal RNA (16S rRNA) and cytochrome c oxidase subunit I (COI), and the first internal transcribed spacer (ITS-1) of nuclear ribosomal RNA gene. Despite the fact that sequences of these genes for most of the taxa studied are already available in the GenBank database, our phylogenetic analysis was based on new sequences from topotypic specimens (in the present case topotypic material also equals to populations with the largest morphological differences) in order to minimize the effect of population variations such as those criticized by Guo et al. (1997: 467) , and the possible hybridization due to the present common practice of large-scale introduction of mitten crabs throughout mainland China (Li et al., 1993; Chan et al., 1995; Guo et al., 1997; Lu et al., 2000) . It should be noted that although the type locality of E. sinensis is Macao, it is believed that the lectotype was obtained from a fish market and the specimen originated from northern China (highly likely from Changjiang). Therefore, it is generally considered that only material from northern China and not southern China is ''topotypic'' for E. sinensis. The crab Varuna litterata (Fabricius, 1798) of the same subfamily Varuninae (which is regarded by some authors as a family, e.g., Schubart et al., 2000) was used as an outgroup. Varuna litterata is both morphologically and ecologically very similar to Eriochier, s. l., and therefore, an appropriate outgroup for determining whether the mitten crabs belong to a natural group. Preliminary results of this work have been presented by Chu et al. (2001a, b) . Recently phylogenetic analyses on the selected species of Eriocheir, s. l., based on 16S rRNA (excluding E. hepuensis) (Qiu et al., 2001) and COI genes (excluding E. leptognathus) (Zhao et al., 2002) were also reported. However, both studies did not use topotypic specimens for all the species in their analyses, and hence there are doubts on the correct identification of their materials.
MATERIALS AND METHODS

Collection of Specimens
The sampling localities of the species studied are listed in Table 1 . The whole crabs or the pereopods were preserved in 95% ethanol and transported to the laboratory for DNA extraction and subsequent analyses.
DNA Extraction
Total DNA was extracted from pereopod muscles (;25 mg) with QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany). The preserved samples were first washed three times with double distilled water (ddH 2 O) before proteinase K digestion. After extraction, the DNA was eluted in 200 lL of ddH 2 O. The DNA extracts were evaluated by electrophoresis on 1% agarose gel and ethidium bromide staining.
PCR Amplification and Nucleotide Sequencing
Partial segments of the two mitochondrial genes coding for 16S rRNA and COI, and the complete segment of ITS-1, were amplified by polymerase chain reaction (PCR). All 16S rRNA PCR products of Eriocheir species were amplified with the primer pair 16Sar/16Sbr (Simon et al., 1994) , except E. leptognathus for which the primer 1472 (Crandall and Fitzpatrick, 1996) was used instead of 16Sbr. The PCR reactions (50 lL total volume) for 16S rRNA contained 3 lL of the DNA extract, 5 lL of 103 buffer, 5 lL of 25 mM MgCl 2 (GIBCO BRL, Life Technologies, New York), 1 lL of each 10 lM primers (Integrated DNA Technologies, Coralville, Iowa), 1 lL of 10 mM dNTP (GIBCO BRL), 3 units of Taq polymerase (5 units/lL, Promega, Madison, Wisconsin) and 33.4 lL of ddH 2 O. The cycling profile was as follows: 90 sec at 958C, 33-35 cycles of 30 sec at 958C, 30 sec at 468C, 30 sec at 728C, and final extension for 5 min at 728C.
The COI primers used were LCO 1490 and HCO 2198 (Folmer et al., 1994) . The amplifications (50 lL) for COI contained 3 lL of the DNA extract, 5 lL of 103 buffer, 5 lL of 25 mM MgCl 2 , 2.5 lL of each 10 lM primer, 5 lL of 10 mM dNTP, 3 units of Taq polymerase and 26.4 lL of ddH 2 O. The cycling profile for COI gene was as follows: 2 min at 958C, 30-33 cycles of 1 min at 958C, 1 min at 568C, and 1.5 min at 728C, with a final extension for 7 min at 728C.
The primers used for ITS-1 amplification were SP-1-59 and SP-1-39 (Chu et al., 2001b) . Besides E. formosa, the amount of reagents used in PCR amplification of ITS-1 was same as those used for 16S rRNA amplification. The cycling profile for ITS-1 was as follows: 2 min at 958C, 30-33 cycles of 45 sec at 958C, 30 sec at 568C, and 30 sec at 728C, with a final extension for 4 min 15 sec at 728C. As Chongming, China -1 -intragenomic variations of ITS-1 were documented in E. formosa (Chu et al., 2001b) , high-fidelity amplifications using Pfu turbo DNA polymerase (Stratagene, La Jolla, California) were performed for this species. The PCR products were then cloned using PCR-Script Amp Cloning Kit (Stratagene) for sequencing. Prior to sequencing, PCR products were purified by either QIAquick PCR purification kit or QIAquick gel purification kit (QIAGEN), following manufacturer's instructions. Cycle sequencing mix contained 8 lL of ABI Prism dRhodamine terminator (Applied Biosystems, Foster City, California), 3-6 lL of purified PCR products, 1 lL of 3.3 lM primer, and ddH 2 O to make up to 20 lL. All samples, except those from E. formosa, were sequenced using the same forward and reverse primers used for PCR amplification. For E. formosa, colonies containing the vector with the cloned PCR product were incubated overnight at 378C with shaking at 225-250 rpm for 12 h. The plasmid DNA was then extracted with the QIAprep Spin Miniprep kit (QIAGEN) for sequencing. T3/T7 promoter primers (Promega) were used to sequence the cloned PCR products. The cycling profile was as follows: 1 min at 968C, then 25 cycles of 30 sec at 968C, 15 sec at 508C for 16S rRNA and cloned PCR products, or 608C for COI and ITS-1 products, 4 min at 608C, and then kept at 48C. The unincorporated primers and dNTP were removed using an ethanol-sodium acetate precipitation procedure. The purified samples were analyzed using ABI 310 Genetic Analyzer (Applied Biosystems). The sequence of each gene in a species was confirmed by reference to the data from both strands. All sequences were aligned and analyzed using ABI SeqEd Version 1.0.3 (ABI) or Sequencher Version 3.1 (Gene Codes Corporation, Ann Arbor, Michigan). Table 1 shows the number of individuals in each species used for sequencing each of the three genes. Sequences among individuals of the same species were identical for each of the three genes except the 16S rRNA sequence of E. sinensis with 0.3% divergence, for which a consensus sequence was used for analysis. For ITS-1 of E. formosa, six clones sequenced from the same individuals generated two different sequences (aligned length 333 bp) differing by one base substitution and four insertion/deletions (indels). Because Pfu turbo DNA polymerase was used to ensure the high-fidelity amplification, this difference was not due to PCR error but genuine intragenomic variations of this gene (Chu et al., 2001b) . The two sequences were treated as distinct sequences in phylogenetic analysis. All sequences used in the analysis were deposited in the GenBank database (GenBank accession nos. AF253518, AF253519, AF288000, AF516698-AF516702, AF516704-AF516709, and AF517679-AF517681). The 16S rRNA sequence for Varuna litterata was made available by Dr. Christoph Schubart.
Phylogenetic Analysis
Phylogenetic trees were constructed based on three methods, distance using BIO neighbor-joining (Gascuel, 1997) , parsimony, and maximum likelihood, with PAUP (version 4.0 beta version 10, Swofford, 2000) . The most appropriate model of DNA substitution was assessed using Modeltest (version 3.06, Posada and Crandall, 1998) . Base composition, transition/transversion ratio, and a matrix of sequence divergence based on the best-fitting model were used in BIO neighbor-joining and maximum-likelihood analyses. In BIO neighbor-joining analysis, the pair-wise deletion option was used. Bootstrapping (1000 replicates) was performed to assess the confidence level at each branch (Felsenstein, 1985) . All characters from the three genes used in this study were weighted equally.
For parsimony and maximum likelihood, heuristic, branch-and-bound and exhaustive searches were undertaken using 100 random-addition sequence starting trees and tree bisection-reconnection branch swapping for phylogenetic analysis. Branch support was assessed using 1000 bootstrap replicates. Alignment gaps were included as an additional character state, and only phylogenetically informative characters (Hillis et al., 1996) were used.
RESULTS
In 443 bp of the aligned 16S rRNA sequences from Eriocheir (excluding outgroup), there are 57 variable sites of which 10 are parsimonyinformative. The average base frequencies are 35.5%A, 37.7%T, 9.6%C, and 17.2%G (AþT% ¼ 73.2%), indicating a moderate AT bias, consistent with previous reports for AT-rich 16S rRNA sequences in crustaceans (e.g., Tam et al., 1996; Tam and Kornfield, 1998) . Table 2 shows the sequence divergence among the species studied. The lowest sequence divergence of 0.23% is found between E. japonica and E. hepuensis. The 11.4% divergence between E. leptognathus and E. formosa is the highest among Eriocheir species. The pattern of nucleotide substitutions favors transitions over transversions, with an average ratio of 1.41 (ti/tv) (excluding outgroup). Modeltest 3.06 showed that the most appropriate model of substitution is Kimura 3-parameters with unequal base frequencies (K81uf) incorporating rate heterogeneity (G) ( Table 3 ). The 16S rRNA data generated identical tree topologies for distance, parsimony, and maximum-likelihood analyses (Fig. 1a) . The tree indicates that E. japonica and E. hepuensis are most closely related, but the clade could only be supported by bootstrap values less than 85%. Yet the clade containing the two species and E. sinensis is clearly distinct from the other two Eriocheir species. Eriocheir formosa is the sister taxon of this clade, with E. leptognathus being the most distant taxon among the five species. A phylogenetic tree of the same topology was reported on four of the species (excluding E. hepuensis) based on the same gene (Qiu et al., 2001) . The 16S rRNA sequences are identical to those determined in the present study.
In 558 bp of COI (excluding outgroup), there are 116 variable sites evenly distributed over the length of the sequences, of which 36 are parsimony-informative (3 and 33 at first and third codon positions, respectively). The base composition of COI is also AT rich (mean values 27.3%A, 36.5%T, 19.4%C, and 16.7%G, AþT ¼ 63.8%). The bias is the highest at the third positions, with mean values of 38.5%A, 44.6%T, 12.5%C, and 4.4%G, indicating an underrepresentation of G at the third positions, which is similar to previous reports in insects (e.g., Drosophila, Gleason et al., 1997) and crustaceans (e.g., Metapenaeopsis, Tong et al., 2000) . The pattern of nucleotide substitutions of COI also favors transitions over transversions with ti/tv ratio ranged from 0.87 between E. japonica and E. leptognathus to 7.67 between E. sinensis and E. japonica (mean ¼ 1.63). The trend is concordant with previous observations in insect mitochondrial DNA where there is a strong bias for transitional substitutions between closely related species, with a loss of this bias between more distantly related species (Gleason et al., 1997) . This trend has been explained by the fast saturation of transitions due to strong biases in both base composition and substitution pattern (Palumbi and Benzie, 1991; Hillis et al., 1996) . Although the sequence divergence varies from 4.5% to 15.1% between different Eriocheir species (Table 2) , there are no variations in amino acid sequences among the five species. Modeltest 3.06 showed that the model of substitution that best fits the COI data is General time reversible (GTR) incorporating rate heterogeneity (G) ( Table 3) . Tree topologies generated from the three analyses of the data are identical (Fig. 1b) . Despite the fact that the E. japonica and E. hepuensis sequences exhibit the lowest divergence among the five taxa (4.5%, Table 2), the COI tree indicates that E. sinensis and E. hepuensis are the most closely related taxa, with E. japonica as the sister taxon, but the clade of the former two species could only be supported by bootstrap values less than 70%. Whereas the topology of these three species in the COI tree is different from that of the 16S rRNA tree, the other branches of the two trees are identical. In contrast to the present study, Zhao et al. (2002) reported that the COI sequences of E. japonica and E. hepuensis are identical. Yet the sequences from this study are not available for comparison. It should also be noted that E. japonica studied by Zhao et al. (2002) were collected in southern China, a locality where it coexists with E. hepuensis (see Chan et al., 1995) , whereas our specimens of this species originated from Japan.
The length variation of ITS-1 for the five species ranges from 313 bp (E. hepuensis) to 333 bp (one of the E. formosa sequences). There are 30 variable sites, six of which are parsimonyinformative. The average base frequencies are 23.8%A, 16.3%T, 32.7%C, and 27.2%G (GþC ¼ 59.9%), indicating a small GC bias. This is consistent with previous reports on other invertebrates (e.g., Medina et al., 1999) . The result, however, does not agree with the data from crayfishes (Orconectes sp. and Procambarus sp.) that showed no bias in the GC content of the ITS-1 gene (Harris and Crandall, 2000) . The transition/transversion (ti/tv) ratio of five Eriocheir species studied is 1.95, slightly higher than in 16S rRNA and COI. The sequence of E. japonica differs from that of E. hepuensis by two indels and from that of E. sinensis by a single substitution. A divergence of 1.9-2.3% is found between the three species and E. formosa (Table 2) . Eriocheir leptognathus is genetically the most distinct taxon with 7.7-8.3% divergence from the other species. Although ITS-1 was successfully amplified from V. litterata, its size of ;710 bp is about twice the average length of Eriocheir ITS-1 products, so that this sequence was not included in subsequent analysis. Results of Modeltest 3.06 suggest the most appropriate model of substitution is the model of Hasegawa-KishinoYano (HKY) ( Table 3 ). The topology of the unrooted tree based on ITS-1 (Fig. 1c) is identical to that of the 16S rRNA tree, but again Table 1 for abbreviations of the genes used) are shown above the diagonal, before and after the dashes, respectively. Values for ITS-1 are shown below the diagonal, with the values for the two distinct ITS-1 sequences of E. formosa shown before and after the dashes. In order to provide stronger phylogenetic signal, data sets of the three genes were combined for analysis. Analyses based on the three methods failed to generate a consensus tree (trees not shown). While the parsimony tree in the combined analysis is identical to the 16S rRNA and ITS-1 trees with 60% bootstrap support for the E. japonica and E. hepuensis clade, the neighbor-joining and maximum-likelihood trees are the same as the COI tree, with 34% and 79% bootstrap support for the E. sinensis and E. hupuensis clade, respectively. Thus the relationship among E. japonica, E. sinensis, and E. hepuensis cannot be resolved well using the three genes in the present analysis.
DISCUSSION
The key questions in Eriocheir systematics are as follows. (1) Do E. japonica, E. sinensis, and E. hepuensis, particularly the last one, represent distinct species? If yes, what are the evolutionary relationships among the three species? (2) Should the different species of mitten crabs be grouped together as a single genus or separated into three different genera? We will address these questions based on the results from the present molecular phylogenetic analysis and previous studies as well as our own observations on morphological characters of the crabs.
The present study shows that the three species, E. sinensis, E. japonica, and E. hepuensis, are genetically very similar, particularly for the latter two species. For each of the three genes studied, the sequence divergence between the two species is the lowest among the species examined (Table  2) . Specifically, the ITS-1 sequences of the two species only differ by two indels, whereas the 16S rRNA sequences differ by a single substitution and one indel. The 0.23% divergence of 16S rRNA gene is much lower than values reported among other congeneric species of decapod crustaceans. Although identical 16S rRNA sequences have been reported between the two varunine crabs Brachynotus gemmellari and B. sexdentatus (Schubart et al., 2001) , divergences reported in various genera, such as Metapenaeopsis (Tong et al., 2000) , Panulirus (Ptacek et al., 2001) , and Emerita (Haye et al., 2002) are usually higher than 2%. Thus, the sequence analyses of 16S rRNA and ITS-1 suggest that the three Eriocheir species in question may not be genetically distinct. Yet the COI divergence among the three Eriocheir species ranges from 4.7% to 5.0%, which is not uncommon among congeneric species of crustaceans. For instance, in Sesarma, the mean divergence of COI among 17 species is 5.2% (Schubart et al., 1998) . In penaeid shrimps, the divergence of this gene among congeneric species could be as low as 6% in Metapenaeopsis (Tong et al., 2000) and 2% in Penaeus (Lavery et al., unpublished) . Overall, results presented here show that the three Eriocheir species are genetically very similar and may represent products of recent radiation. Actually, these three forms are also morphologically very similar. Although Guo et al. (1997) have argued that there are 13 clear morphological characters distinguishing these three crabs, we have problems in using these characters to identify with confidence some of our specimens collected from Zhejiang to Lianhuasan, localities along the southeast coasts of China and intermediate in terms of the distribution maps provided by Guo et al. (1997: fig. 8 ). The differences in meristic ratios reported by Guo et al. (1997: table 1, with some typographical errors) amongst the three forms are extremely small. For example, the merus of cheliped length against width ratio is 2.2 for E. sinensis, 2.1 for E. hepuensis, and 2.09 for E. japonica. The measurements for this character range from a few mm to less than 3 cm. Unavoidable errors in making such measurements will inevitably render this ratio useless, let alone the variations related to the size and sex of the specimens. The statistically significant distinguishing characters for E. sinensis and E. hepuensis listed by Guo et al. (1997: fig.  9 ) also have similar drawbacks (e.g., the width : length ratio of the male sixth abdominal somite is mentioned as 1.16 vs. 1.12). The largest meristic difference given by Guo et al. (1997: Guo et al. (1997) for separating E. japonica, E. sinensis, and E. hepuensis, the different shapes mentioned (i.e., long and slender; shorter and thicker; dorsoventrally compressed) for the fourth leg dactylus is unclear, and we found that this character is rather variable in terms of the size and sex of the specimens. The differences mentioned for the gonopod 1 and vulvae are very difficult to comprehend and use by us, as these two genital structures are relatively small even for large specimens. The only noticeable difference we found is that in adult females, the vulvae are directed medially in E. japonica but somewhat anteromedially in E. sinensis and E. hepuensis. No specific position is given for the distal tooth of the cheliped mentioned by Guo et al. (1997: table 1) . However, if this refers to the distal tooth of the cheliped merus (as this character is given as a generic difference between the five mitten crab species in Ng et al., 1999: table 1) , then it is a very variable character. Some of our specimens from Japan, Taiwan, and Hepu also have a strong and sharp distal tooth on the cheliped merus. The physiognomy of the carapace, shape of the frontal teeth and the epigastric crest mentioned by Guo et al. (1997) are found to represent only general trends in these three crabs, and many intermediate forms occur in overlapping areas such as on the southeast Chinese coast from Zhejiang to Lianhuasan. The only character suggested by Guo et al. (1997) that appears to be useful for separating E. japonica from the other two species is the shape of the protogastric crest, which is absent in E. japonica, weak in E. hepuensis, and generally distinct (occasionally also rather weak) in E. sinensis. Furthermore, it is found that the size of the fourth tooth on the lateral margin of the carapace is very useful in separating E. japonica, which has the fourth lateral tooth reduced to a tubercle, whereas the same structure is always spine-like in E. sinensis and E. hepuensis (although sometimes small in the latter).
Thus, the morphological similarity among these three species concurs with their close genetic relationships as revealed by the present analysis based on the three genes studied. The phylogenetic relationships among the three species cannot be elucidated in this study. Although the 16S rRNA and ITS-1 gene trees suggest the affinity of Eriocheir hepuensis with E. japonica, hence supporting the subspecies status of E. japonica hepuensis as proposed by Dai (1991) , the topology of the COI tree is different, and in all cases the bootstrap values of branches within the clade of the three species are lower than 85% in all trees. Apparently, the question on whether the three taxa (particularly E. hepuensis) are distinct to be delimited as phylogenetic species has to depend on further studies based on population aggregation analysis (Davis and Nixon, 1992) , preferably using more variable genes such as the control region of mitchondrial DNA (e.g., Chu et al., 2003) . Available data on the population genetics of E. sinensis (Gao and Zhou, 1998; Zhou and Gao, 1999; Lu et al., 2000) and E. japonica (Gao and Watanabe, 1998) , based on allozyme and RAPD analyses, suggest that genetic differences among populations are small. The low genetic divergence among E. sinensis populations has often been attributed to large-scale transportation of E. sinensis for aquaculture throughout mainland China in the last few decades (Li et al., 1993; Lu et al., 2000) .
While the phylogeny of E. japonica, E. sinensis, and E. hepuensis cannot be resolved in the present study, our molecular data show that E. formosa is the sister taxon to the clade of the three taxa, with E. leptognathus being the most distant taxon within Eriocheir, s. l. This accords with data presented in table 1 of Ng et al. (1999) , which show that E. leptognathus is morphologically more different from the Eriocheir sinensis (and hence E. japonica and E. hepuensis) than E. formosa. The molecular data thus confirm that the differences in the mouth parts (such as the shape of the third maxilliped and the epistome) are truly important characters in determining the phylogenetic relationships in crabs; the shape of the mouth parts are generally considered to have a taxonomic value as high as the level of family ranking. Most of the characters listed in table 1 of Ng et al. (1999) are obvious, but the current controversy in the systematics of mitten crabs is whether the species should be grouped under a single genus or different genera. Guo et al. (1997) and Ng et al. (1999) argued that the old Eriocheir, s. l., is a heterogeneous taxon and differentiated the crabs to three genera based on morphological differences alone. Nevertheless, there are no morphological or genetic evidence to argue that the mitten crabs are not monophyletic. Our molecular data show that there are substantial divergences in the 16S rRNA and COI genes ( Table 2) between species of Eriocheir, s. l., and Varuna litterata, one of the most closely related varunine crabs with Eriocheir, s. l., known to date. Moreover, the ITS-1 of V. litterata is twice as long as that of Eriocheir spp. Thus, it is apparent that the five mitten crab species constitute a monophyletic group genetically distinct from V. litterata. Including sequences of other varunine crabs closely related to Eriocheir, s. l., such as Hemigrapsus spp. (GenBank accession nos. AB058628, AB058630, and AJ250644 for 16S rRNA and AF060775 for COI), Pseudograpsus and Ptychognathus (AB058618 and AB058621, 16S rRNA), in our phylogenetic analyses showed that species of Eriocheir, s. l., always cluster together (trees not shown, as there were no improvements in resolution of the taxa as compared to the use of V. litterata as outgroup). Thus, if the five mitten crabs constitute a monophyletic group, as currently perceived, the taxonomic ranking inferred from the morphological differences exhibited amongst them may merely be a subjective decision of taxonomists. Because the 16S rRNA gene sequences are available from a number of varunine crabs, we calculated the sequence divergence among some of them to give an estimate of the genetic differences within and between genera of these crabs. The sequence divergences of three Hemigrapsus and two Gaetice (AJ250643 and AB058626) species are 7.3-9.6% and 10.3% respectively, whereas the maximum 16S rRNA divergence among the five mitten crab taxa is 11.4%, between E. formosa and E. leptognathus (Table 2) . If we exclude the most distantly related taxon E. leptognathus, the divergences of the other four taxa range 0.2-5.5%. The sequence divergences estimated between four closely related varunine genera (including a total of six species from Gaetice, Hemigrapsus, Pseudograpsus, Ptychognathus, and Varuna; see above for GenBank accession numbers) range 8.2-13.0%. If the five mitten crab taxa are treated as three genera, as advocated by Guo et al. (1997) and Ng et al. (1999) , the sequence divergences between the species in the three genera range 4.8-11.4% (Table 2) . The values in the lower range (between E. formosa and the three species in Eriocheir, s. s.) are considerably smaller than the values for the five genera above. While we are aware that such divergence values are not necessarily valid indices to assess generic status, the values amongst the five mitten crabs give no support for splitting the five mitten crab taxa among three different genera, particularly on the generic separation of E. formosa from E. sinensis, E. japonica, and E. hepuensis. Because the state of varunine genera is still rather unstable and many genera need to be revised, including several which are probably closely related to Eriocheir, s. l. (e.g., Hemigrapsus, Ptychognathus, and Pseudograpsus), we suggest to retain the five taxa in a single genus until more genetic and/or morphological evidence are available for the varunine crabs, which should provide more insights to the systematic debate on Eriocheir, s. l.
